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A method and an apparatus fordetermining blood components. 



^) Method and apparatus for spectrophotometrlcallv deter- 
mining the concentration of a nu mber of- hernoqlobin deri- 
vatives co mprising at least deoxyhemoglobin and oxy- 
hemoglobin or parameters derived from the concentration of 
individual hemoglobin derivatives, in particular the oxygen 
saturation fraction, in vi/hole blood, in which light is transmit- 
ted to the blood under test, the modification on the light trans- 
mined to the blood which the blood causes is determined at a 
number of individual wavelengths, and the concentrations (or 
the derived parameters) are determined on the basis of the 
light modification at the individual wavelengths and on the 
basis of predetermined coefficients representing the light 
absorption characteristics of each of the hemoglobin deri- 
vatives at each of the individual wavelengths, any erroron the 
determination values due to turbidity being substantially 
compensated for by utilizing predetermined coefficients re- 
presenting an absorption characteristic of turbidity ai each of 
the wavelengths. The measurement is normally performed at 
a number of wavelengths which is at least equal to the 
number of hemoglobin derivatives to be determined plus one. 
Altn ougn the lu rbioity-caused contribution to the total reduc- 
tion in the light transmission is not based on any direct prop- 
onionality between the reduction in light transmission and 
the concentration of the turbidity-causing components (such 
as is the case with the hemoglobin derivatives), the "absorb- 
ances" caused by the turbidity at each particular wavelength 



may simply be eliminated from the equation set from which 
_the concentrations of the hemoglobin derivatives are calcula- 
ted. 
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A Mtthod and an Apparatus' for DBterminlng Blcxid Component* 
TECHNICAL BACKGROUND 

The prsBent invention ralajtea to a method and an apparatus ^or »pec- 
5 trophotometrlcally determining the concentration of a number of hemo- 
globln derivatives (or parameters derived from the concentration of 
Individual hemoglobin derlvatlvag^ In whole blood. 

It is known to determine the concentration of various hemoglobin de- 
rivatives such as deoxyhemoglobln, oxyhemoglobin, carboxy hemoglobin , 
I'O methemoglobin, and tulf hemoglobin by spectrophotometric methods (cf. 
e.g., Ole Siggaa rd- Andersen , The Acid-Base Status of the Blood, 4th 
edition, Munksgaard, Copenhagen, 1974, pp. 181-187, and US Patent 
No. 3,927,614. Information concerning the concentration of the various 
hemoglobin derivatives, in particular oxyhemogiobin and deoxyhemoglo- 
l',5 bin. Is Important in addition to information on the oxygen concentra- 
tion or oxygen partial pressure of the blood In several clinical situa- 
tions such as, e.g., when a patient 1$ under anaesthesia. 

As explained In SIggaard-Andersen, loc.clt., the theoretical basis for 
the spectrophotometric determination of the concentration of hemoglo- 
io. bin derivatives in a mixture Is . that the total absorbance at any wave- 
length Is the sum 6f the contribution of each derivative, and that 
«ach derivative obeys Lambert- Beer's law. Thus, 

A^-|.lt^Cy 

wherein A^ is the absorbance of the mixture at the wavelength X, C^ 
25 is the concentration of derivative y, I Is the light path lertgth, and 
«y 1$ tne exTincrion coefi'tcient of derivative y ax wavelength X, 

The ebsorbanca A is dafined as 

A " logi^ 
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whtrftin lo It the Intensity of the incident light on the sample, and I 
it the intensity of the resultant modified light. The ratio -j^ is dssi©- 
nated the transmittarice. 

In accordance with thii, the concentration* of a certain number of 
5 hemoglobin derivatives In a blood sample may be determined by mea- 
suring the transmittance or the ebsorbance of the blood sample at at 
least the same number of different wavelengths. Provided that the 
path length of the light and data representative of the extinction 
coefficient for «ath derivative at each wavelength ere known, the 
0 unknown concentrations may be determined by solving an equation set 
of the certain number of linear equations with the same number of 
variables. 

While the known methods for determining hemoglobin derivatives (e.g. 
the methods described In US Patent No. 3,972,614) function satlsfac- 

'5 torily on most blood samples, wrong results will be obtalhed when 
using these methods in connection with turbidity-contatnlng blood 
samples. Thus, Siggaard- Andersen , loc.clt., pp. 186-187, mentions 
that turbidity of the h emolyzate, caused by leukocytes, lipemla, or 
erythrocyte ghosts, is a major source of error. A recent article^ "Ef- 

20 feet of Intrallpld on Meiisurements of Total Hemoglobin and Oxyhe.mo- 
globln in Whole Blood" Lakshman R. Sehgal ct al.. Critical Care Medi- 
cine, Vol. 12, 10, October 1984, pp. 907-909 deals with the problems 
Incurred by the light scattering effect on the determination of hemo- 
globin species on blood from patients who have received Intralipid® 

25 fan Infusion liquid gontaininq, /ntfr gllg, s9Y lecithin and glycerol). 

The article states that the light scattering affects the measured 
concentrations of all he moglobin species, but most dramatically the 
methemoglobin, an d conclqdes that the data for hemoglobin derivatives 
measured on blood s^amples from patients who have received Intrallpld® 
30 should be disregarded. 

Thus, the presenc^ of turbidity in blood subjected to hemoglobin 
derivative determination presents a major problem which has, until 
now, not been solve<^ in ii satisfactory manner. 
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It h«» now been found t^at th« error derived from the exlttence of 
turbidity In whole blood under test can be eliminated to e completely 
satisfactory degree, • thereby making it possible to obtain reliable data 
for the concentration of the varlout hemoglobin derivatives Irrespec- 
5 tlve of whether the blood In question contains turbidity-Incurring 
components or not. 

DISCLOSURE OF THE INVENTION 

The invention rebates to a method for spectrophotometrlcally deter- 
mining the concentration of a number of hemoglobin derivatives com- 

0 prising at least deoxyhemoglobin and oxyhemoglobin or parameters 
derived from the concentration of individual hemoglobin derivatives, 
in particular the oxygen saturation fraction, !n whole blood, com- 
. prising transmitting light to the blood under' test, determining the 
modification caused by the bloo d on the light transmitted to the blood 

5 at a number of Individual wavelengths, and determining the concentra- 
tions (or the derived parameters) on the basis of the light modification 
at the Individual wavelengths and on the basis of predeterinlned co- 
efficients representing the light absorption characteristics of each of 
the hemoglobin derivatives at each of the Individual wavelengths, any 
20 error on the determination values due to turbidity being substantially 
compensated for by utilizing pred etermined coefficients representing 
an absorption characteristic of turbidity at each of the wavelengths. 



The Invention Is based on the finding that it is possible to treat the 
determination of the tu rbltldy-caused contribution to the toUl reduc- 

:i5 tion In light transmission In the same manner as the determination of 
the reduction caused by each of the Individual hemoglobin derivati- 
ves. In other words, to treat the contribution from the turbidity «t 
each wavelength *t. which measurement Is made analogously to the 
contribution from each hemoglobin derivative. Although there Is, In 

30 the case of turbidity, no direct proportionality between the reduction 
In light trensmlsBlon caused thereby at each particular wavelength 
and the concentration of the turbWity-causIng components, this Is not 
of critical disadvantage, as the "absorbanccs" caused by turbidity at 
each particular wavelength may simply be eliminated from the equation 

.S5 set, thereby rendering It' Insignificant that the "absorbance" derived 

I 

■ • ! : 
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from 8 turbidity at each particular wavelength cannot In any »lnnple 
mann«r be correlated to the concentration of the turbidity-causing 
components. What Is of Importance to the present Invention Is that a 
"concentration of turbidity" can be determined and, thar«after used 
for the compensation, irrespective of what was the actual concentra- 
tion of the various turbidity-causing components. 

The above-mentioned parameters derived from the concentration of 
Individual hemogfobln derivatives may be the parameters often used In 
practice for evaluating the hemoglobin derivativa distribution, such as 
tHb (total hemoglobin), Hb02 (fraction of oxyhemoglobin), HbCO 
(fraction of C2irboxyhemoglobln) , MetHb (fraction of methemoglobin), 
Hb02SAT (fraction of oxygen saturation), Ojct (©2 content) and 
O2CBP (oxygen capacity). The relationships between these parameters 
and directly cetculeted concentration values appear from the equations 
below: 



tHb = cRHb ♦ cHb02 ♦ cHbCO ♦ cMetHb 

f^"^ " tHb 
HbCO-^g 



cHb02 



Hb02 = 



tHb 
cMetHb 



MetHb « 



tHb 

cHbO- 
! ^ 



HbO-sSAT •= 



cRHb ♦ cHbO, 



OjCt - Hb02 • tHb 
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Ojcap «= (HbOj * RHb) • tHb 



wherein cRHb is th« measured concentration of deoxyhemoglobin , 
cHb02 the mBBBured concentration of oxyhemoglobin, cHbCO the 
measured concentration of. carboxyhemogloblh, cMetHb th9 measured 
concentration of met^emoglobfn and tHb th« sum of the concentration* 
of these derivatives. 

At will be understood, the normal calculation of the derived parame- 
ter* will Involve first calculating the direct parameters and then treat- 
ing them In accordance with the relationships above, but it H, of 
course, also within the scope of the invention to perform the mathe- 
matical calculation in any manner which would not first result In the 
direct parameters. 



(fraction of sulf hemoglobin) may also be determined and is in fact de- 
termined and used in th« presently preferred embodiment. 

The wavelengths of the light used In the method according to the in- 
vention are normally chosen from the visible or near Infrared range 
where the hemoglobin derivatives have a relatively high absorption 
tuch as appears frcim Fig. (T^hich Is discussed In the following. It 
Is, however, within the scope of the Invention to use light of wave- 
lengths from any other spectral range In which the hemoglobin deri- 
vatives «how sufficient absorption for the spectrophotometnc system 
In question. 

In the practical emlpodiment of the present invention, suitable waye- 
lengths for measu rehient have been found to be 535, 560, 577, 622 
and nm as wavelengths at which the hemoglobin derivatives show 

a satisfactory absorption, but It will be evident to one skilled In the 
art that also other ; Individual wavelengths In the range In question 
could be uced ^ov tli« <neasur«mor«t. The further wavelength whieh 
a measurement Is made In' accordance with the principles of the pre- 
sent invention is suilably a wavelength at which the ratio between 



Optionally, SHb • 



pSHb 



tHb 



Pr.V P/IQTS I A OP/KPJ int.taxt 1986 06 19 



I g 0210417 

I 

light featuring or apparent absorption txerted by turbidity and ab- 
sorption exerted by' hemoglobin derivatives it relatively high. Aa an 
©xamplft, B wavelength of ahov» B'SO nm, for pvamplc « wnVftlfinflth nf 
about 370 nm, has bqen found sultablt. 

5 The calculation of tho concentration of tach of the hemoglobin derl- 
vatiyeB or the parameterj! derived from the concentration of individual 
hemoglobin derivatives may be performed using any suitable calcula- 
tion means, sucH as in a separate calculator, an analog computer 
connected to the « spectrophotometric equipment or, preferably. In a 
'0 digital microprocessor after an analog/digital conversion of the spec- 
trophotometrlcally measured absorbances. 

In the present con'tevt, the term "the modification of the Incident 
light" comprises the abjiorbancft, the transmlttance or any suitable 
corresponding property expressing the Influence of the blood on the 
5 light transmitted to the blood. Also, the term "light absorption cha- 
racteristic" is to be understood In the broad sense as Indicating a 
property Inherent to th* hemoglobin derivative at the wavelength In 
question. Similarly, "an absorption characterlBtic of turbidity" de- 
signates an apparent absorption Inherently exerted by turbidity due 
20 to light scattering, such as Is explained below. 

The above-mentioned pr edetermined coefficient representing the light 
absorption characteristic of each of the hemoglobin derivatives at each 
of the wavelengths may be the absorptlylty or the extinction coeffici- 
ent or, alternatively, any other coefficient representing a unique 
25 hemoglobin derivative-dependent absorption behaviour at tho parti- 
cular wavelength. 

The predeterm ined coefficient representing an absorption characteris- 
tic of turbidity at each of the wavelengths may, analogously, be a ~ 
coefficient measured! In the same manner as one would measure the 
30 extinction coefficient, in pther words a coefficient analogoukly useful 
In the calculation of! the Concentration of the single components as if 
turbidity would behave ^n accordance with the Lambert- Beer's law. 
The coefficient representing an absorption characteristic of turbidity 

i at each of the wave/engths may be determined empirically, fqr example 

I '— — — _ 

i . : 
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by apectrophotometrlcal niftes u rement-. on speciclly proparsd pl*$ma 
sample* comprising fitandahd "concentratlona" of components Incurring 
turbidity such as it is illustrated, e.g.. In . Example 2. In thl» con- 
text, it ihould bo mentioned that the "abjorptlon characterittict of 
5 turbidity" art values dependent on the optical configuration of the In- 
itrumant type in question. This Is because the turbidity does not 
give rlaa to an absorption propar, but rather to a reduction in trans- 
mitted light due to ' scattering . The absorption characteristics given 
below have been" determined on s prototype instrument of the type 
described In the ^detailed part of the specification and shown in the 
drawings. 

In accordance with what has been explained ebove and presuming 
Csuch as has been ^found reasonable) that blood containing turbidity 
can be treated In ^ similar manner as blood without turbidity, the 
relationship between the absorbances and the concentrations of each 
of the hemoglobin derivatives and "the concentration of turbidity" will 
be as follows : 



(Equation System I) 



■ K.f . C, . .f . C, - .f . c,, 

t5 wherein A^^ represents the absorbance of the sample at a first wave- 
length, A represents the absorbance of the sample at a second 
wavelength, I represents ' the light path length, s^^ represents the 
extinction coefficient characteristic of hemoglobin derivative 1 at the 
wavelength Xl , Cj Is the concentration of hemoglobin derivative 1, 
etc., and one of the Indices, for example 8, Indicates the "compo- 
nent" turbidity. 

I 

Actual measured absorbance values on pure hemoglobin derivatives 
each at a concentratfon of ,1 mmol/i are givan below: 



021 0417 



Derivative X Absorhiance (t»l) 

RHb 535,0 I .8510 

560.0 ; '1.2080 

577.0 .8945 

622.0 .1203 

636.0 .0956 

670.0 .0679 



HbO- 



10 



535.0 • 

560.0 

577.0 

622.0 

636.0 

670.0 



1.1427 
.7867 

1 .3424 
.0234 
.0156 
.0097 



HbCO 



535.0 
560.0 
577.0 
622.0 
636.0 
670.0 



. 1 .2562 
; 1.1220 
.949$ 
.0303 
• .0170 
.0053 



20 SHb 



25 



535.0 
560.0 
570.0 
622.0 
636.0 
670.0 



.7549 
. 7890 
.8138 
2.3780 
. 9596 
.1457 



MatHb 



30 



535.0 


; .6573 


560.0 


:i .4302 


577.0 


! .4187 

1 


622.0 


\ .3393 


636.0 


1 .3259 


670.0 


, .0395 
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RHb deslgnetos dobxyheffioglobin , '^'^^2 ^^^'flf^^^*' oxyhemoglobin, 
HbCO dejlgn«tes carboxyhemoglobln , 5Hb designstas 8ulf hemoglobin, 
Metllb designate* metKemog'lobIn . 

Actual moBsured absqrbanc* values on a turbid aolutlon as represented 
by a solution of G0% plasma and 10% Intrallpid® (200 mg/n\\ of infusion 
liquid avallablft from. Kabi Vitrum A/S, Copenhagen (containing inter 
alia Boy lecithin and ^lycerpl) are: 

Turb. 535.0. .4050 

560.0 . .3650 

577.0 . .3420 

622.0 .2880 

638.0 .2730 

670.0 .2420 



The actual light patK length was approximately 0.0089 cm. 

When Equation System I is solved with respect to the concentrations, 
the following Bystem .results : 

- , . A^l * 2 • — S.6 • 

^2 ^2.1 ' '^'^^ * ^2.2 * ^^'^ *^2 6 • "^^^ 

(Equation System II) 



I 

When using the specific a|bsorbance» of Equation System I to deter- 
mine the coefficients of [Equation System 11, tha following specific 
equation system resLjIts: ; 
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cRHb 


-22.292 


X 


»- <^ ^ 


0 






♦17.612 


X 




0 






* 8.675 


X 


^577. 


0 


- 




-10.019 


X 


^622. 


0 


5 




♦22.862 


X 




0 






-15.384 


X 


a670. 


0 




CHbOj 




X 


.535. 
A 


0 






0 DO 1 


X 


.560. 

A 


0 






. 1 Ci . Dt) 1 


X 


^577. 


0 


A 

u 




_ 1 ROt^ 


X 


^622. 


0 






+ 1 OR"? 
* 1 . OOO 


X 


.636. 

A ■ 


0 








X 


.670. 
A 


0 




cHbCO 


♦2:b.128 


X 


^535 


0 






- 2.101 


X 


.560 
A 


0 


5 




-20.073 


X 


.577 
A 


0 






♦14.333 


X 


A 622 
A 


0 






-39 . 033 


X 


A 636 
A 


0 


1 

I 




♦1(5. 462 


X 


A 670 
A 


0 




cSHb 


♦ .114 


X 


^535 


0 


20 




- 1 88 


X 


.560 
A 


0 


1 
1 
t 




.026 


X 


.577 
A 


.0 






♦ 7.278 


X 


A 622 
A 


.0 


j 




- 7.519 


X 


. 636 
A 


.0 


i 
j 




- .049 


X 


. 6 /0 
A 


.0 


1 

25 


cMatHb 


♦ .275 


X 


^535 


.0 






- .429 


X 


^560 


.0 






- .000 


X 


^577 


.0 






» 

-20.424 


X 


^622 


.0 






1 

♦36.752 


X 


^636 


.0 


^0 




-39 . 527 


X 


^670 

1 


.0 



I 



I 
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cTurb * ♦ 5.773 » A 

- 4.356 X A^;^°-^ 



535.0 
560.0 

t 

577.0 



- 2.642 X A' 

^ , .622.0 
♦ I , 525 X A 

-10.371 X A^^-° 

*51.85p X aV^-^ 



According to the pVejenl; invention tht number of wavftlengths at 
which measurement pf the absorbance of th« $amplo la performed Is 
normally at least equal to iha number of hemoglobin derivatives to b« 
'0 determined plus one. 



j While meaaurement at a number of wavelength* corresponding to the 
! number of hemoglobin derivatives to be determined plus one will per- 
I mit the constructing and .solving of the above equation system, it 1$ 
I within the scope of the Invention to measure the light modification of 
i5 the blood at further wavelengths. This may be done, e.g., to obtain 
j further data which, can be used to check the correctness of the 
I maasuraments by Inserting the calculated values In a further equa- 
tion, and/or to perform compensation for any further components In 
the blood sample which shows spectral absorption at one or several 
other wavelengths at which measurement Is made. Such further com- 
ponents, typical of which are diagnostic dyestuffs such as Evan's 
Blue, Methylene Blue or Cardlo Green and/or plasm* pigments such as 
bilirubin or carotene, may suitably be compensated for by utilizing. 
In the calculation of the concentration of the hemoglobin derivatives, 
is pr«d«t*rmlned data representing an absorption characteristic of the 
component In questlbn at each of the wavelengths at which measure- 
ment Is made, and by utilizing data obtained by measurement In a 
further wavelength, normally * wavelength at which the ratio between 
absorption exerted hy thje component and absorption exertfed by the 
io hemoglobin derivatives it relatively high. 

It Is also within the; scop^ of the Invention to perform an gvon finer 
compensation for tufbldlty-induced error s by treating the turbidity as 
two or more Individual components, e.g., three Individual compo- 
nents: One component being turbidity arising due to the presence of 

i 

1 , 
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relatively Urge particles such at erythrocytas, another component 



being turbidity »rl$!ng due to the prftsence of lipid slobules/ and a 



third component beihsi turbidity arising aa ft result of small rejidues 
such as cell debris, latc,,^ In particular small rtslduea resulting from 
an ultra-sonle hetnoly:tatioh treatment. In accordance with the Inven- 
tion, this ii done by measuring at a further wavelength for each 
additional turbidity compopent to be determined and performing the 
calculations based on coefficients including the individual turbidity 
components, these coefficients being suitably determined empirically in 
10 the same manner as mentioned above. 

As appears from the above systems of equations, the "concentration" 
of turbidity can, if desired, be calculated on the basis of the data 
available. This calculation may suitably b« utilized for checking that 
! the turbidity value It be)ow a predetermined level of acceptability. 
15 For example. It may bo desirable that a warning is given to the ope- 
j rator if the turbidity valu^ becomes so large that this. In spite of the 
compensation according to the invention, might be presumed to result 
in a significant Influence on the calculated concentrations of the 

hemoglobin derivatives. ' 

1 

I . . , ' . 

^0 The method of the jnventlon may be performed in vitro In an analy- 
tical apparatus on a sample of hemolyzed whole blood. Conceivably, 
the metho d may also be _jperformed In connection with In vivo mea- 



surements^-on the Hying body as described, e.g,. In the specification 
of US Patent No. 4,167^331, the contents of which is incorporated 
25 herein by reference, < 



Japanese Published Application Kokal No. 54-084781 relates to a me- 
thod for determining the. concentration of a substance (for example 
uric acid) in serum, lamples wherein the absorbance of the sample Is 

determined by using at jleast four wavelengths. Including a wave- 

j I 

length near the absorption centre of the substance to be examined. A 
number of equations utilljzlng predetermined standard spectra of the 
substances to be examined and of turbidity, hemoglobin and bilirubin 
are processed to determine the concentration of the substancs exa- 
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1 I 
mined, turbidity, dogre* of hemolysis and degree of jaundice, thereby 

obtaining a preciae determination of the substance such as uric acid 
in the serum sample without disturbance from turbidity, hemoglobin 
and bilirubin. The patent- specification does not Indicate that It would 
be possible to obtain relialale and useful measurements of the concen- 
tration of hemoglobin derlvatlvet and particularly the derived para- 
met«rs thereof, especially the oxygen saturation fraction. In whole 
blood containing turbidity.. 

I 

US Patent No. 4,257,105 i-»late$ to the spectrophotometrlc determina- 
tion of the total content of hemoglobin In a hemolyzed blood sample by 
meant of analog technique. The turbidity of the sample Is determined 
by a measurement In the:infrarad range where hemoglobin does not 
adsorb. The patent .states' that the Influence exerted by turbidity on 
the determination of 'the hjamoglobin concentration can be corrected for 
by detracting the turbidity value thus found from the - too high - 
hemoglobin value found. As demonstrated In Example 1 below, such a 
procedure with correction , for a fixed turbidity value would not result 
In any useful and reliable , determination of the concentration of hemo- 
globin derivatives. 

A commercial Instrument, ! Corning 2500, determines hemoglobin deri- 
vatives basically In a manner closely corresponding to the Instrument 
described In US Patent hjJo. 3,927,614. For the determination of the 
concentration of hen^oglobin derivatives, the Instrument arrlVes at an 
Indication of the presence of Interfering substances (to which tur- 
bidity may pertain), Hovvever, the Instrument does apparently not 
compensate for the ; error | caused by turbidity such as is the gist of 
the present Invention. i 



US Patent No. 4,167,331 jTelates to a noninvasive apparatus for the 
spectrophotometrlc determination of the oxygen saturation fraction - a 
so-call ed oximeter. A n embodiment Is described wherein the presence 
of an absorber apart from' oxyhemoglobin and deoxyhemoglobin, e.g. a 
dye or carboxyhemogloblnj. Is dealt with by the addition of a third 
wavelength. Compensatlonj for the presence of light scattering compo- 
nents such as turbidity are by no means contemplated. 



■ t 
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Th« Invention also reIat<i»jto an appBratuJ for jpectrophotometrlcBlly 
determining the concentration of a number of hemoglobin derivatives 
comprising at U»$t deoxyhemoglobln and oxyhemoglobin or pfirameters 
dftrived from the Concentration of individual hemoglobin derivatives in 
whola blood. In particuliir ,the oxygen saturation fraction, sAld appa- 
ratus comprl»lng light »ource mean* for transmitting light to the blood 
under teat, light detector ; means for receiving light modified by the 
blood, and measuring mean|s for determining the light modification at a 
number of individual wavelengths and for determining the concontra- 
10 tlons or the derived parameters on the basis of the light modification 
measured at the individual wavelengths and ^on the basis of predeter- 
mlned coeffrcients representing the li ght absorption characteristics of 
each of the hemoglobin derivatives at aach of the individual wave- 
lengths, any error on the determinations due to turbidity being 

15 substantially compensat ed ^for by utilizing predetermined coefficients 

representing an absorption characteristic of turbidi ty at each of the 
Individual "wavelengths. j 

The light source means for emitting light to the blood may be a single 
light source which ma-^' c'ompris* an assembly of monochromatic light 
20 sources adapted to sequentially transmit light of each of said wave- 
lencjths to the bloody or the means may comprise a single light source 
cooperating with a set of 'optical filters each of which allows for the 
transmission of light of a [single wavelength, the filters being sequsn- 
tially posltionable In the jfront of the light source so that light of 
25 each of the single w;av<slength Is sequentially transmitted to the blood. 
However, in a presently ppeierred embodiment, the light source means 
Is a conventional light sojurce generating a broad band, the division 
Into Individual wavelengthjs being performed after modification of the 
light caused by the bIo<^d by means of, e.g., an optical grating 
30 device as will be exp)«lned|ln greater detail below. 

The measuring means of ^he apparatus may be Implemented In hard- 
ware by employing measuring amplifiers and weighting networks con- 
stituting a matrix weighting circuit, or It may. In a further embodi- 
ment, comprise a compujker means which suitably Includes storage 



35 means for storing data rep 



•esentlng the predetermined coefficients of 
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i number of hemoglobin dlerlvfttlvea at each of the individual wave- 
length* and for storing d^ita representing the coefficients represent- 
ing the absorption characteristic cf turbidity at aach of the Individual 
wavelengths and further d calculating means for calculating the oxy- 
gen saturation, the hemoglobin derivative concentrations or the de- 
rived parametBrs of the hemoglobin derivatives on the basis of the 
light modification measureii at the Individual wavelengths and the said 
data. 

In a preferred embodiment, the apparatus according to the Invention 
"0 comprises sample Inlet means, hemolyzetlon means, a conduit for con- 
ducting the sample from the sample iniet means through the appa- 
ratus, the conduit having transparent wall parts defining a light 
transmission path through^ a blood sample positioned In the conduit, 
light source means for emitting light to the light transmission path 
15 and light detector rneans for receiving light transmitted through the 
blood sample. 

The hemolyzation of the blood temple may either have been performed 
In an auxiliary hemolyzer 'or within hemolyzing means Included In the 
apparatus. 



20 Hemolyzation may be per,formed by various means, e.g. a chemical 
hemolyzing agent, sound ^r ultrasound. In a preferred embodiment, 
the hemolyzing means Is Included In the apparatus and comprises an 
ultra-sonic sound generator means for radiating ultra-sonic sound 
energy to the sample In the sample conduit of the apparatus. 

25 Another embodiment of thia apparatus according to the invention com- 
prises means for positioning the apparatus against living tissue so as 
to provide a light transmission path from the light source means via 
the living tissue to the llgl^t detector means. 

i 

The Invention will how be further described with reference to the 
30 drawings, wherein 

fig. 1 Is a perspective and overall schematic view of a presently 
preferred embodiment of ati apparatus according to the Invention, 
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fig. 2 l« a schematic view of the housing of the presently 'prsfsrred 
embodiment of the appariitiit according to the invention, 
fig. 3 ii a schematic and perspective view of thej optical paction of 
the presently preferred embodiment of the apparatus accordlpg to the 
5 Invention, j 

fig. 4 and 5 are detailed , plane views, of the optical sectionj »hown In 
fig. 3, ^ ■ j ; 

fig. 6 \% iin overall block, diagram of the electronic circuitry of the 
presently preferred embodiment of the apperatua i according to the 

10 invention, ; i 

■• , j 

fig. 7 it a diagram illustrating absorption spectra of deoxy- or re- 
duced hemoglobin, oxyhemoglobin, carboxyhemoglobin, methemoglobln ,' 
and sulfhemoglobin within the range of 450-650 nm, and 
fig. 8 It a diagram obtained by employing the ;mea$urlnp method 

15 according to the invention «nd Is explained In detail in Example 2. 

j 

In fig. (T?) a presently p'roierred embodiment of an apparatus accor- 
dtng to the invention for idetermTning i.a. oxygen kettura-ilon Or Oxy- 
gen content of a blood sample by determining a total of five hemoglo- 

' I ^ 

bin derivatives In accordance with the method according to tVie inven- 

I ' 

20 tion. Is shown designated the reference numeral 10 In its^ entirety. 
The apparatus 10 includes a fluid tube or conduit , system comprising 
an inlet tube 11 extending from an aperture 12 at an outer^ side sur- 
face of tha housing of the apparatus to a hemolyzing and measuring 
block 13 and further to 'a liquid detector and Id conduit divider 

25 block 14, In which a liquid detector 28 is arranged, and therethrough, 
a first waste tube 15, a second waste tube 16, ja tube section 17 
extending from the liquid Idetector and liquid conduit divider block 14 
to a pump 18, a further itube section 19 extending from the pump 18 
to a three-way valve 20, a rinsing liquid inlet tube ^21 and further an 

30 air suction tube 22. The rinsing liquid inlet tube 21 is Immersed in a 
rinting liquid contained ip a rinsing liquid container 23 and extends 
from the rinsing liquid c'ontalner 23 to the three-^jvay valve 20. The 
first and second waste tubes 15 and 16 and the air suction tube 22 
extends into a waste container 24, preferably only Into ^he upper 

35 part thereof as Indicated b'y dotted lines In fig. 1. 

: I 

i 1 i 

i ! 
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Th» liquid transfer througli the Inlet tub* 11 It controlled by an inlot 
tube valvt 25. Similarly, t'h* liquid transfer through the secCnd watte 
tube 15 and through the bir suction tube 22 Is controlled by a first 
, watt* tube valve 26 and *'p air suction tube valve 27, respectively. A 
.5 manually operable inlet flap 29 Includes a through-going conduit 30 

i which provides liquid communication between the Inlet tube 11 and the 

1 i 

i second waste tube )6 In jthe "closed" position of the inlet flap 29 
shown In fig. 1. In the alternative or "open" position of the Inlet flap 
29, the liquid c6mmunlcati(in between the inlet tube 11 and the second 
10 waste tube 16 Is ^Interrupted . The positioning of the Inlet flap 29 Is 
I detected by a positioning detector or micro switch 31. 

I ' ; . 

I Within the above-mentioned hemolyzing and measuring blocl< 13 and 

! thuK not shown on the drawing, a hemolyzing ultra-sonic generator, 

! In th« following designated 32, is contained. The block 13 Is thermo- 

i5 statically heated to a predetermined temperature, preferably a tem- 

I perature of 37°C, and includes a heater 33 constituted by a power 

! transistor and a temperature sensor 34 constituted by an NTC-r«- 
tlstor. Below the low»r side surface of the hemolyzing and measuring 
block 13, a light emitting device 35 constituted by a photo lamp Is 

20 arranged. The Intensity of the light emitted from the light emitting 

; device 35 Is detected by "a light detector 101 constituted by a photo- 

1 diode. The light detector is connected to a control circuit which 

! supplies power to the light emitting device 35 and serves the purpose 

I of maintaining a constant Intensity of light radiated from the light 

25 emitting device 35. Part of the light emitted from the llgh.t emitting 

I device or photo lamp 35 1$ transmitted through the blood sample 

I contained in a cuvette 67 which constitutes part of the cqnduit ex- 

j tending through the hemolyzing and measuring block 13 and Is optl- 

j cally procetsed In e mon'ochromator essembly 36 to be described In 

30 greater detail below. With! reference to figs. 3, 4 and 5. Measuring 

I signals generated In the monochromator assembly 36 are ihput to a 

I signal processor 37 which further communicates with a central mlcro- 

! computer 38 In which the measuring signals generated In the mono- 
chromator assembly 36 anjd procetsed In the signal processor 37 are 

35 further processed tn accordance with the measuring method of the 
present Invention and wh ch controls the functions and operations of 
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the apptratua. The central microcomputer 38 also communlcBtas with a 
control interface 39 through which the central microcomputer 38 con- 
tret* the oporntiono of tho piimp 18, tho valvoc 20, 25, 26 ahd 27 and 
the ultra-BonIc generator 32 contained within the hemolyzing and 
measuring block 13 and through which the central mlcrocorinputar 38 
alto receives control signals from the liquid detector 28 and the micro 
switch 31. The appsratut 10 further comprises a power supply section 
40 which supplies power to the photo lamp 35 and Includes the above 
constant light intensity control circuit, a display 41, which Is shown 
In greater detail In fig. 2, two Indicator lamps 42 and 43 and a push 
button switch 44. 

Before turning to ii detailed description of the operation of the embo- 
diment of the invention shown In fig. 1, It la to be mentioned that 
the small dimensions of the Inlet tube 10, I.e. "the small cro:ss-sectlo- 
nal area and the small length thereof, renders it possible to determine 
oxygen saturation ot oxygen content of a blood sample bein^ as small 
as 35 yl. 

It is assumed that the apparatus Is initially rinsed and further cali- 
brated. I.e. that no blood sample or no rinsing liquid Is present In 
the tubes of the apparatus and that the apparatus has been calibrated 
by employing the rinsing liquid as will be described below. I li« appa- 
ratus Is ready to receive a blood sample which is indicated to an ope- 
rator by the lamp 42 whith is a "ready" lamp. In the "ready"-state, 
the valves 25, 26 and 27 are open, the three-way valve io closed, 
and the pump 18 1^ not in operation. The operator opens the inlet 
flap 29 In order to expose tho aperture of the Inlet tube 11 for the 
introduction of a blood sample into the Inlet tube 11. By ti\e opening 
of the Inlet flap 2€i, the liquid communication through the ^onduit 30 
between the inlet tube 11 and the second waste tube 16 Is Interrupted 
and the opening of the Inlet flap 29 further activates the micro switch 
31 thus generating ^ signal which ts supplied to the central microcom- 
puter 38 Informing the central microcomputer 38 that the inlet flap 29 
has been opened. 

The blood sample njiay b| Introduced By Injection, I.e. th^ operator 
may inject the blood, sampje into the Inlet tube 21 by means of a sy- 
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ringe. When the blood sample rcuclien ilitj liquid ^detector ;20 of th« 
liquid detector and liquid Jcondult divider block 14, th« liquid detector 
28 supplies a liquid detection signal to the central jcomputer; 38 which 

turns off the "ready" lamp 42 and turns on the "buay" lamp 43 In- 

I ' I 

forming th* operator that; the conduit of the hemolj/zlng and measur- 
ing block 13 of the apparatus 10 is filled with the liquid sample. Any 
excess liquid Injected Into the Inlet tube 11 by the oper|tor flowt 
through the first waste tube 15 end Into the waste container 24. 



The blood sample* may alternatively be Introduced (nto the Inlet tube 
10 11 by aspiration through an external tube, not shown In fig. 1, 
which is (iiounted on B 4rce end of the Inlet tube 11 and extends Into 
a blood sample container, not shown In fig. 1 either. The operator 
pushes the push button kwltch A4 by which an aspiration' signal is 
supplied to the control Interface 39. The valve 26 Is closed and the 
15 pump 18 Is activated for lintroducing the blood sample into' the Inlet 
tube 11 by suction. When the blood sample reaches !the liquid detector 
28 of the liquid detector' end liquid conduit divider block 14, the 
liquid detector supplies a liquid detection signal toj the centjral micro- 
computer 38, as explained above, whereupon the central mlcrocompu- 
20 t«r 38 switches off the pump 18 and further turns off the "ready" 
lamp 42 and turns on the "busy" lamp 43. ! ! 



Now, the operator remov|es the syringe or alternatively tie above- 
mentioned external tube ifrom the free end of the Inlet tube 11 and 
closes the Inlet flap 29. ;Th« liquid communication, between the Inlet 

25 tube 11 and the second waste tube 16 through ,the through-going 
conduit 30 of the Inlet flap 29 Is re-established end- the positioning of 
the Inlet flap 29 In the position shown In fig. 1,:l.e. In the closed 
position. Is detected by the micro switch 31 which supplies ^ signal to 
the central microcomputer! 38 representing the positioning of the inlet 

30 flap In the position shown ,Jn fig. 1. ' 

The apparatus is now raajdy to proceed to the next| ttage o' the ope- 
rational routine of the a|5paratus. In order to avoid formation of gas 
bubbles wfthin the cuvette 67 of the hemolyzing and measuring block 
13 and improve the effectiveness of the hemolyzatlon procedure, the 
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blood sample present In ippjratut Is presturlred. The centra! micro- 

I 

computer 38 closes the valve 25 end further th© velve 26 provided the 
vbIvb 26 has not previously been closed, and further activate* the 
pump 18 for pre»$url:z!ng' the tube jection 17 and further the blood 
5 sample present in the consult of the blocks 13 and 14. After the cen- 
tral microcomputer 38 has j turned off the pump 18, Vhe CeoiraL mfcrc- 
computer 38 activates the j ultra-sonic generator 32 in order to hemo- 
lyza the blood sample present within the measuring cuvette 67 of the 
hemolyzing and measuring block 13, 

10 The apparatus Is ready to^ proceed to the next stage or the measuring 
stage of the operational routine. The control interface 39 addresses 
the power supply section j40 in order to make the power supply sec- 
tion 40 supply power to the light emitting device or photo lamp 35 for 
a period of time during v^^hich the hemoglobin derivatives are deter- 

15 mined from the measuring' signals which are supplied from the mono- 
chromator assembly 36 which are subsequently processed in the signal 
processor 37 and further brocessed in the central microcomputer 38 In 
accordance with the measuring method of the present Invention,, as 
will be described below In greater detail. 

; I 

I . 

20 After the conclusion of the determination of the hemoglobin, derivati- 
ves of the sample, th(S apparatus proceeds to a rinsing stage of the 
operational routine. In tijie rinsing stage, air and rinsing liquid are 
Intermittently transferred through the tubes of the apparatus in a so 
to speak alr-liquld droplets train. The alr-IIquid dropletis train Is 

25 generated by activation of the pump 18 for suction through the tube 
section 19 and by Intermittently opening and closing the valve 27 and 
the three-way valve 20 for suction air and rinsing liquid, respecti- 
vely, through the air suction tube 22 and through th© rinsing liquid 
inUt tube 21, respectively. The alr-IIquld droplets train If supplied 

30 to the liquid detector an<i liquid conduit divider block 14 through the 
tube section 17 and furthjer transferred through the first Nyaste tuba 
15 or through the Inlet jube 11, through the through-goirtg conduit 
30 and through the second waste tube 16 by Intermittently opening 
and closing the valves 25 and 26. After the rinsing of the tubes by 

35 means of the air-lic|utd droplets train,' the central microcomputer 38 
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cloB8$ the valve 27 and opens the three-way valve 20 for transferring 
& continuous rinsing llquld| supply through the tubes of the apparatus 
in order to remove any droplets present In the tubes or In the con- 
duits of the apparatus, j^lnally, a continuous air string Is drawn 
through the tubes of th* apparatus In order to remove reminiscences 
of rinsing liquid. 



In fig.\2^the above described presently preferred embodiment of the 
apparatus according to the invention Is shown. Apart from the above 
described components, the apparatus comprises a housing 45 on the 

10 right-hand side of which, a receptacle 46 Is arranged for receiving 
therein the rinsing liquid container 23 and the waste container 24. 
The front surface of the "housing 45 is divided into an upper sloping 
part in which the display' 41 is arranged recessed In relation to the 
outer wall* of the housing and a lower part in which the inlet flap 

15 29, the Indicator lamps 42 and 43 and the aspiration push button 44 
are mounted. I 

In fig.^^^the optical sysjtem of the ab6ve monochromator assembly 36 
Is shown. The optical system comprises an input part 47 se.rving the 
purpose of transmitting light from the light emitting device or photo 
lamp 35 to the blood sample contained In the cuvuU« 67 uf Uic licmu- 
lyzing and measuring block 13, and an output part 48 serving the 
purpose of guiding or transmitting light transmitted through the blood 
sample tontalned In the iuvette 67 of the block 13 to a pfurality of 
light detectors. The Input part 47 which is an integral assembly In- 

25 eludes a plane convex llhse 49, an Infrared absorbing filter 50, and 
light guide 51 having a convex end portion 52. The output ..part 48 
comprises a biconvex lens 53, an optical screening device '54 hnving 
an aperture aligned In relation to the light transmission pa^th of the 
biconvex lens, tha blockj 13 and the input part 47, and further a 

30 concave mirror 57 and an !optical grating device 56. From thi aperture 
55 of the optical screenipg device 54 the light is transmitted to the 
concave mirror 57 a^ indicated by arrows 56 and further to, the opti- 
cal grating device 58 serving the purpose of separating the light 
transmitted to the grating' device Into monochromatic components. The 

35 light transmitted from th'e concave mirror 57 to the opticlsl grating 
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device 58 is indicated bv isrrows 59. Piirt of the light transmittad to 
thft optical grating devicej 58 Is re-tran$mitt©d to the concave mirror 

60 »nd further from the concave mirror 57 



57 Bs indicated by a^^owu 
to the screening device 5^1. 

Z> The screening device 54 Is e plane and hollow device In which a 
plurality of light detector* or photodiodes 62 are housed. In the 
presently preferred embodiment of the apparatus according to the 
Invention shown In the drawings, a total of six photodiodes 62 are 
arranged In the optical screening device 54. The Individual light de- 

10 tectors or photodiodes 62 |are exposed to monochromatic or substan- 
tially monochromatic light separated in the grating device 58 end 
reflected from the concave mirror 57. The monochromatic or substan- 
tially monochromatic light jls transmitted to the individual light detec- 
tor* or photodiodes 62 tiirough slits or apertures 63 of the front 

15 surface of the screening' device 54 facing the concave mirror 57. 
Basically, the optical system of the apparatus according to the Inven- 
tion Is a modification cfj the so-called Llttrow-system . It Is to be 
mentioned that the light re-transmitted from the optical grating device 

58 to the concave mirror 57j is reflections of first order. 

i 

20 In figs. 4 end 5, the mpnoch romator assembly shown In fig. 1 and 
described above with reference to fig. 3 is shown In greater' detail In 
plane orthogonal views, jin the lower parts of figs. 4 and 5, the 
above described part 47 Ts shown and In the upper parts ^f figs. 4 
and 5, the above output ;part 48 is shown. The light emitting device 

25 or photo lamp 35 la mounted in a lamp receptacle or socket V03, which 
is further mounted on a Jamp supporting bracket 64. The lamp sup- 
porting bracket 64 is fastened to a housing 65 which includes the 
above output part 48 an<^ on which the above hemolyzing ^ind meas- 
uring block 13 is further mounted. As Is evident from flij- 4, the 

30 plane convex linse 49 Is [mounted In a linse holder 66 which Is also 
shown In fig, 5, and the components defining the light transmission 
path from the plane convex linse 49 are shown in dotted lines. The 
light emitted from the cohlvex end portion 52 of the light guide 51 Is 
radiated to the cuvjstte 6j also shown |n Fig. 1 which defines part of 

35 the blood sample containing conduit o^ the block 13. As described 
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above, the light trantmltt^d through the conduit of the block 13, I.e. 
through the cuvetta 67 and through the material. I.e. the blood 
sampla included therein, !k as Indicated In dotted linat \r\ fig. 4 
transmitted to the biconvex lens 53, which is also $hown in dotted 
5 lines In fig.^^T) | 

The above describftd liquid detector 28 of the liquid detector an< 
liquid divider block 14 a»| well as the block 14 ere shown in fig.r4. 
Tha above heater 33 serving the purpose of heating the block 13 to 
pradeternnlned temperaturaj, preferably 37**C, Is alto shown In fig. M.J 

10 The heater 33 which is constituted by a power transistor Is mounted 
in heat-conductive contact with the block 13 by means^of a fixation 
screw 68. The fixation screw 68 is also shown In f Ig .f 5, Jwhich fur- 
ther discloses the mounting of the power transistor 33 on a printed 
circuit board 69. As is evident from fig .(^5,) a' multi-core cable 70 is 

15 also mounted on th« printed circuit board 69 for establishing connec- 
tion between the circuit board 69 and further the components arran- 
ged thereon and the power supply section 40 through a multi-pin plug 
or socket 71 and for establishing connection between the ultrasonic 
generator 32 and the control interface 39 through a multi-pin plug or 

20 socket 72. On the printed circuit board 69, the temperature sensor 34 

shown in flg.M\s also mounted and connected to the multi-core cable 

i 

70 through printed circuit tracks 73 and 74 of. the prlntisd circuit 
board 69. A further temperature sensor, not shown In fig. 1, is also 
mounted on tha printed circuit board 69 and connected to the multl- 
25 core cable 70 through printed circuit tracks 75 end 76. 

( 

As mentioned above, the power supply section 40 also supplies power 
. to the lamp 35 and via a: control Interface 39 to tha ultrasonic gene- 
rator 32 of block 13 controlled by the central microcomputer* 38. The 
power supplied from the j power supply section 40 to the (amp 35 is 
30 transmitted through a sejjond multi-core cable 77 which Is provided 
with a muItl-pin plug or aocket 100 and which also transmit^ the light 
Intensity signal generated by the photodiode 101 to tha above-men- 
tioned constant high Intensity control circuit of the power supply 
section 40. 
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The ultra-sonic energy generated by the ultra-»onic generator 32 of 
block 13 Is of a frequencj' of 40 kHz. The hefnolyiaiion of blood by 
employing ultra-sonic iound energy Is described In US Patent No. 
3,972,614. I 

I 

I 

5 In the housing 65, tl-ie »bov» described optical screening device 54 Is 
mounted adjacent to the lower housing wall of the housing 65. The 
screening device 54 and t'he light tensOrs or photodlodes 62 mounted 
therein are arranged on a printed circuit board 80 to which a third 
multi-core cable 83 Is connected. The third multi-core cable 81 serves 

10 the purpose of transmitting signals generated by the light detectors 
or photodiodes 62 to the 'signal processor 37 shown in fig. 1. As is 
evident from fig, 5, the i printed circuit board 80 is mounted on a 
supporting device 82 which is bolted to the housing 65 by means of a 
screw 83 and defines an angle of 1.4'* in the plane of fig. 5 relative 

15 to a direction perpendicular to the light transmission path from the 
plane convex llnse 49 through the aperture 55 of the screenihg device 
54. 

The concave mirror 57 is mounted on- a supporting member 84 which Is 
fixed relative to the housing 65 by means of a screw 85. The optical 

20 grating device 58 I*; mounted on a supporting rail or supporting 
member 86. The angular position of concave mirror 57 in relation to 
tho optical grating device 58 Is determined by a set screw 87 which 
extends through the outer wall of the housing 65 as Is also evident 
from fig. 1. By rotating the set screw 87, the optical grating device 

25 58 is rotated. 

In flg.(6^a block dijgrarr of the electronic circuitry of the presently 
preferred embodiment of the apparatus according to the Invention is 
shown. The above-mentioned signal processor 37 is shown In a dotted 
line block, the individual components or blocks of which will be de- 
30 scribed In greater detail |)elow. The signal processor 37, the central 
microcomputer 38 and the control Interface 39 communicatq with one 
another through a bus $8. Through the control Interface 39, the 
central microcomputer 38 further communicates with or colitrols the 
power supply section 40 JwhIch supplies power to the light emitting 
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device or photo lamp 35 And further to the heater 33 shown In fig. 1 
and the temperature senapr 34/ also shown In flg.|l. Together with 
the control Interface 39, the above described pump 18/ the lamps 42 
end 43, the ultra-»onlc a^nuraivr 32, valvw* 20, 2D, 20, iiiid 27, 

the push button 44, the jmlcro-switch 31/ and' the ! liquid detector 28 
are shown in fig .^^^7^ \ 

Ax described above, the icentral microcomputer 38 ;communi«j;atet with 
the display 41 and further with an interface block 90 for trkn«ml$$lon 

of the measuring re$ult$ generated there and displayed on th* dl$pldy 

I 1 

41 to external equipment/ e.g. a printer or data jogging equipment/ 
an externBl computer or the like. '■ 

As described above with reference to fig.(^^ the signal procesjor 37 
Is connected to the light detectors or photodlodei 62 of the optical 
screening d^Jce 54 through the multl ©ere cable El. In order to ro- 

. : ' i 

duce the number of measuring amplifier* of the signal processor, the 
photodiod«$ 62 are connected to the Inputs of a -first time division 
multiplexer block 91. The; output of the time divisio|i multiplexer block 
91 is connected to the input of a logarithmic amplifier 92. |The light 
dstttctors or photodiodes j 62 are constituted by photodlodes sensitive 
to light of a wavelength, of approximately 400 nm - 1000 nm. The 
photodlodes of the above ' described presently preferred embodiment of 
the apparatus according to the invention generate photodlode currents 



of the order of 1-400 hA. The logarithmic amplifier converts the 

i I 

photodiode current to 4 V/dec; 0 V ■ 1 vA. The .temperature of the 
hemolyrlng and measuring block 13 is further detected by means of a 
temperature sensor 94 which Is connected to the i^put of a tempera- 
ture signal amplifier 95.; The outputs of the logarithmic applifier 92 

1 f 

and of the temperature signal amplifier 95 are conjiected to a second 
time division multiplexer block 96. From the output' of the second time 
division multiplexer block, normalized measuring signals representing 
the temperature detected' by means of the temperature sensor 94 and 
the light Intensities detejited by the photodiodes 62 are input to an 
analog/digital converter 97. The output of the analpg/digltaf converter 
97 Is connected to an interface input/output block 98 thej output of 
which Is connected to the bus 68. 
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Th« routine :!ib ^^'ci^n of "tha instrument '\t tultebly paKormed by 
introducing rinse liquid Into the cuvette 67 Instead of th» blood 
sample, measuring the Intensity of the light transmitted through the 
rinse liquid st the measuring wavelengths to obtain calibration values 
and subtracting the calibi-ation values from the values measured on 
the blood samples at each wavelength. 

! 
! 

Fig. 7 Illustrates absorption spectra of the hemoglobin derivatives dt- 
oxyhemoglobln (d), oxyhemoglobin (o), carboxyhemoglobin (c), met- 
hemoglobln (m) and sulf hemoglobin (f) within the range of 450-660 nm. 
The molar ebsorptivity. or extinction coefficient for each derivative Is 
plotted against wavelength.' 
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Using an Instrument us ' c aBcribed In connection with the drawing*, 
determination of total hemoglobin, oxyhemoglobin, orboxyhemoglobin 
and methemoglobin wa t performed on blood samples a> withdrawn and 
5 blood sample* mixed with Intrallpid®. 



10 



The sample* were prepared in the following manner: 



Three blood «amp.Ies (from a voluntary donor, healthy, noh-»moker) 
were equilibrated for 0.5 'hour with a ges mixture containing 4% of 
and 96*^ of In a film tonometer. Thi$ treatment is known to 

result In substantially all hemoglobin of the samples being present as 
oxyhemoglobin. 



Ona sample (In the following termed sample A, HbO^) was used for 
the measurements without jfurther treatment. Another semple (sample 
B, HbOj) was admixed with Intrallpid® In a ratio of 95% by volume of 
15 the sample to 5% by volume of Intralipid*. Another sample (sample C, 
HbOj) was mixed with ln|raHpid» in a ratio of 90% by voluhie of the 
sample and 10% of Intralipid®, The above described equilibration of 
the blood for the samples] A, B, and C aims at all the hemoglobin of 
the sample being present a* HbO^, In other word* correspondi.ng to: 



20 



Hb02SAT 

HbCO 

MetHb 



100% 
0% 
0% 



Two blood *amples (D and E) (obtained from blood of nor\-smoker») 



were centrlfuged, and 3 



ml of concentrate derived from 5 ml of the 



25 *ample were mixed with 2 ml of a reduction liquid of the compo.sltlon 



44 mg Trie 

I 

62 mg Na2S20^ 

5 ml ionized water 
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in a glast xyrin-j". In thii manner, « ub jtentially the total content of 
hemoglobin In the samples Is converted to deoxyhemoglobin . The 
samples were hemolyzed as ^described above. 



A portion of BBmpl« D was mixed with Intralipid® In a ratio of 95% by 
volume of the sample to by volume cf intralipid®, and a portion of 
sample E was mixsd with ^ntratlpid* In a ratio of 90% by volume of 
sample E to 10% by volume of Intralipid®. The above-described reduc- 
tion of the samples D and E alms at the following values: 



TO 



HbOjSAT 

HbCO 

MetHb 



0% 
0% 
0% 



15 



The spectral absorptions of the samples at the wavelengths 535 , 560, 
577, 622, 636 and 670 nm were measured in a prototype of the in- 
strument described In connection with the drawings. Based on the 
absorptions, calculations 'of the percent concentrations of oxyhemo- 



globin, carboxyhemoglobin 
different manners: 



and methemoglobin were performed In three 



1) Using a laboratory equation matrix with the values given In the 
section "DISCLOSURE OF INVENTION" above. 



20 2) Using a matrix comprising 5 measurements and 5 equatlpns based 



on the following non-normalized coefficients; 



25 



Derivative 


X 




Coefficient 


RHb 


535. 


0 


.8510 




560. 


0 


1 .2080 




577. 


0 


.8945 




622. 


0 


.1203 




636. 


0 


.0956 



Best Au^able Copy 



I 





HbOj 


535.0 


1.1427 

1 






560.0 


.7867 

1 






577.0 


1.3424 






622.0 


1 

.0234 






636.0 


.0156 




HbCO 


535.0 


1,2562 






560.0 


1.1220 






577.0 


.9498 






622,0 . 


1 

.0303 


10 




636.0 . 


.0170 




SHb 


535.0 


.7549 






560.0 


1 

.7890 






570.0 


.8138 






622.0 


1 

2.3780 


15 




636.0 


.9596 




MetHb 


535-0 


.6573 






560.0 


.4302 






577.0 


.4187 






622.0 


.3393 


20 




636.0 


.3259 

1 
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29 



25 



30 



3) Using a matrix of 6 measuremant* and 6 equations, wh^re, how- 
ever, the non-normalized coefficients for turbidity are presumed 
to be equal: 



Derivative 
RHb 



X Coefficient 

535.0 .8510 
560.0 1.2080 

577.0 .8945 

622.0 .1203 

636.0 .0956 

670.0 .0679 
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. HbO^ 

5 

HbCO 

10 

SHb 

IS 

MetHb 

20 

25 Turb 



535.0 

560.0 .78S7 

577.0 1.3424 

622.0 .0234 

636.0 .0156 



670.0 


.0097 


535,0 


1 , 2562 


560.0 


1.1220 


577.0 , 


.9498 


622.0 


.0303 


636.0 


.0170 


670.0 


.0053 


535.0 


i 

.7549 



560.0 .7890 

570.0 .8138 

622.0 2.3780 

636.0 .9596 

670.0 .1457 



535.0 


.6573 


560.0 


.A202 


577.0 


.4\&7 


622.0' 


1 

.2393 


636.0 


.3259 


670.0 


.0395 



I 



I 

535.0 .2420 

560.0 .2420 

577.0 .2420 

622.0 .2420 

636.0 .2420 

670.0 .2420 



:-Q result* of th© measuremanti appear from th« Table below 



10 



15 



20 



25 



Best Aj^able Copy 
31 



Intrallpld® 



7.21 



101 .6 



3.1 



■D, RHb 
D, RHb 95%:5% 
I ntrailpld® 



8.36(7.9) 
7.86 



-0.3 
■0.6 



0.9 
1.4 



E, RHb 

E, RHB 90%:10% 
Intrallpid® 



7.93(7.1) 

I 

6.80 



-0.2 
■0.5 



0.7 
-1.2 



Calculation maxtrix of 5 x 5; 



A, HbOj 

B, HbOj 95%: 5% 



IntraiipIdD 
C, HbO2 90%:10% 

Intrallpid® 



i7.19 

i 

i 

9.78 
12.91 



99.8 

91 .2 
78.3 



0.3 

-7.2 
-16.1 



0 2 10 41? 



t 
1 

> 




1 

TABLE 1 




bsmpia 




Measuring result 






tHb HbO^SAT HbCO 


MetHb 




mmoiyi % % 

1 




Caicuiation matrix of 6 


X sjaccordlng to the Invention: 




A, HbOj 




16 99.9 0.5 


0.0 


B, HbO^ 95%: 5% . 








Intralipid® 
C, HbOj 90%: 10% ' 


7. 


59 100.6 1.7 


0.3 



0.7 



■0.3 
0.0 



■0.2 
■1.5 



0.4 

20.9 
43.3 



30 


D, RHb 
D, RHb 05%: 5% 
Intralipid® 


|8. 47(8.1) 
l'o.03 

1 

■ " •• 1 


-0.2 
0.9 


0.4 
-7-7 


1.0 
21.1 


35 


E, RHb 

E, RHb 90%: 10% 
intralipid® 


8.04(7.2) 

>5.60 

1 


-0.1 
4.2 


0.1 

-23.4 


1.1 
54.2 




Calculation matrix 
wavolengtht: 


of 6 


x 6, but 


turbltidy 


presumed 


eqltal at a 




A, Hb02 




7.17 


99.0 


0.5 


0.1 


40 


B, HbO^ 95%: 5% 














Intralipid® 
C, HbOj 90%:10% 


: 1 


8.09 


101.9 

1 


5.8 


2.9 




Intralipid® 




8.31 


105.6 

1 


13.8 


7.7 
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TABLE I continu«d 
Sample j Measuring result 





thb 


HbOjSAT 


HbCO 


MetHb 




mmol/l 

i 


% 


% 


% 


D, RHb 


8.38(8.0) 

i 


-0.3 


1.2 


-0.1 


D, RHb Q5%:5% 






Intrallpid* 


8.28 

i 


-1 .3 


5.6 


2.7 


E, RHb 


7.95(7.2) 


-0.2 


0.9 


-0.1 


E, RHb 90%:1D% 






1 ntra lipids 


8.50 


-4.1 


15.7 


.9.4 


(The corrected 


resulti; for th© undiluted samples 


are written 


In paren- 



theses for the RHb-type.) i 

I 

The results obtained wltji the partial turbidity compensation or no 
turbidity correction >r« totally unacceptable. For example^ on the 
basis of the results for , HbCO calculated With the partial turbidity 
correction one would expect that the patient were carbon monoxide 
poisoned. 

1 
i 

EXAMPLE 2 i 

I 

A blood sample from a i'oluntary donor (healthy, non-»nri9ker) was 
divided In three portions which were treated as follows: 

One portion (A) was equilibrated for 0.5 hour with a gas mixture 
containing 4% of CO^ and, 96% of in a film tonometer. Thereafter, 
the portion was hemolyzad by addition of STEROX SE to a final con- 
centration of 1%, and plasma phasa constituting 10% of the total vo- 
turrie was added . j 

minor part of the bemolyzed sample A (<250 pi) was Injected Into a 
-canning spectrophotometer (non-commercial type, made at Radiometer 
A/S, Copenhagen),, the measuring cuvette of which corresponds to 
the cuvette of the apparatus according to the Invention as described 
in connection with the drawing. A disc 'top computer of the type HP85 

I 

PLV F4935 jA 424935 OP/KPJ int. text 1686 06 19 



Best Aj^able Copy 

I 33 

I 
I 



0.21.041 7 



■!,iih .:t:achod plotter wsra connscted to the «pectrophotomet»r. A» 
rsfirenca medium was usee) distilled water. The spectral absorptions 
w&:-? isIciiintRd by moans j of the HP85 «nd were plotted against th« 
■A.svaiengths range of 450-700 nm (curve A). 

5 To ijnothar portion of the! hemolyzed blood sample was added Intra- 
iipid© 1200 mg/ml of Infusion liquid available from Kabl Vitrum A/S, 
Copenhagen (containing Inter atla toy lecithin and glycerol)) up to * 
final concentration of 10%j (v/v). The dilution was Carried out in a 
Hamilton glass syringe. A' portion of this mixture was Injected into 

*iO the spectrophotometer, and the absorption curve was made as de- 
scribed above (curve B1) . ' 

Finally, the spectrum forj a sample consisting of the plasma phast 
from the same blood portion and 10% of Intralipld3> (final concentration 
10% v/v) was determined (curve B2) . 

15 On the basis of the absorption data corresponding to curves 1 and 2 

stored on tape in th« HP85,. the difference, curve , C (B1.-B2) was 

I 

calculated and plotted. 1 

j 

The curves are shown In Fig.rS.Jit will be noted that the difference 
curve (curve C) and the[ curve for the turbidity-free sample (curve 
20 A) ara almost identical. 
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CLAIMS 



1. A method for apectrophotometrically determining the concentration 
of a number of hemosilobin derlvetives comprising at least deoxyhemo- 
globin and oxyhemoglobin -or parameters derived from the cioncentra- 

5 tlon of individual hemoglobin derivatives, in particular the oxygen 
saturation fraction. In whole blood, comprising transmitting light to 
the blood under tesi:, determining the modification caused by the 
blood on the llghl transmitted to the blood at a number of Individual 
wavelengths, and determ'ining the concentrations (or the derived 
10 parameters) ' on the basis: of th« light modification at the Individual 
wavelengths and on the basis of predetermined coefficients represent- 
ing the light absorption J characteristics of each of the hemoglobin 
derivatives at each of the individual wavelengths , any error on the 
determination values due to turbidity being substantially compensated 
f or by utilizing predeterm'ined coefficients representing an absorption 
characteristic of turbidity at each of the wavelengths . 

2. A method according to 'claim 1, wherein one of the wavelength* at 
which the modification of ithe light transmitted to the blood Is deter- 
mined is a wavelength at 'which the ratio between absorption due to 



turbidity and absorption 'due to hemoglobin derivatives Is relatively 

high. 



3. A method according to claim 2, wherein the wavelength. Is above 
650 nm. 



I 



4. A method according to any of the preceding claims^ wljtoreln the 
25 measurement is pei-forme d at a, number of wavelengths wh ich is at 
least equal to the number of hemoglobin derivatives to be determined 
plus one. 



5. A method according toj any of the preceding claims, wherein com- 
pensation for any further components showing spectra! absorption at 
30 one or several of the wavelengths at which measurement is made Is 
performed by utilization of predetermined coefficients representing an 
Bbsorption characteristic of the component at each of the wavelengths 
at which measurement l» mjade. 



Best A^ulable Copy 

• • • 
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■ I ■ ! 

.ni'.thod according to claim 5, wherein compensation is made -for 
cr.,j o!' ssvoral diagnostic' j dyestuff a 8u<^h aj Evan's blue, Methylene 
Biua i>;- Cardio Green and/or one or several plasma pigments such as 
bii'Tubin or carotene. j 

5 7. A i-nsthcd according to Bny of the preceding claims, wherein the 
hnmoglobln derivatives de:ermlned ar* deoxyhemogiobin , oxyhemoglo- 
bin, ?nd one or several hemoglobin derivatives selected from carboxy- 

hamoglobin, methemogloblnj and sulfhemoglobln. 

1 

i 

8. A method according to any of the preceding claims, wherein the 
10 light transmitted to the blood Includes at least the said wavelengths, 

and wherein the light modified by the blood is divided into components 

at lezst Including the said wavelengths. 

I 

9. An apparatus for spectrophotometrically determining the concentra- 
tlon of a number of hemoglobin derivatives comprisitig at least deoxy- 

15 hemoglobin and oxyhemoglobin or parameters derived from the concen- 
tration of Individual hemoglobin derivatives in whole blood. In parti- 

I 

cular the oxygen saturation fraction, said apparatus comprising light 
source means for transmitting light to the blood under test, light de- 
tector means for receiving' light, modified by the blood, and measuring 

20 means for determining the light modification at a number of Individual 
wavelengths and for determining the concentrations or the derived 
paramatars on the basjs.i.of the light modification measured at the 
Individual wavelengt hs encJ on the basis of predetermined ciaefflclents 
representing the light absorption characteristics of each of the hemo- 

25 globin derivatives at each, of the Individual wavelengths, any error on 
the determinations due to turbidity being substantially compensated 
for by utilizing pradeternr Ined coefficients representing an iabsorptlon 
characteristic of turbidity at each of the Individual wavelengths. 

10. An apparatus according to claim 9 further comprising sample Inlet 
30 means, a conduit for conducting the sample from the sample Inlet 

means through the apparatus, the conduit having transparent wall 
parti defining a light transmission path through a sample positioned 
In the conduit, the light source means emitting light to th« light 
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I 



tr*n$ml5»lon path «n'd the j light detector means receiving light trans- 
mit-tftd through the blood sample. 



10 



11. An apparatut according to claim 9 or 10, wherein tht measuring 
means comprises a computer means further Including: storage means 
for storing data representing the predetermined coefficients of a num- 
ber of hemoglobin derivatives at each of the individual waVelengths 
and for storing data representing the coefficients representing the 
absorption charactttristic of turbidity at each of the Individual wave- 
lengths and furtber a calculating means for calculating the oxygen 
saturation fraction, the hemoglobin derivative concentration or the 
derived parametens on the basis of the absorption of the sempie 
measured at the individual ^wavelengths and the said data. 



12. An apparatus according to claim 10 or 11, wherein the light 
source means Is jidaptcd! to generate light Including a plurality of 
15 wavelengths, wheruin the J apparatus further comprises meari.s for di- 
viding the light transmitted through the blood sample Into Individual 
components at least Including the said Individual wavelengths. 



20 



13. An apparatus according to any of claims 10-12 further comprising 
hemoiyzing means for hemolyring the blood sample present within the 
conduit and Including ultra-sonic sound generator means. 
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